Introduction: Preterm birth continues to be a significant public heath concern and is a leading cause of perinatal and infant mortality. Environmental exposures to phenols and parabens are suspected to potentially contribute to the pathology of preterm birth, yet limited human studies have characterized the extent to which these toxicants are associated with birth outcomes. Methods: We examined the associations between phenols, parabens, and preterm birth, within pregnant women who were recruited early in gestation into the LIFECODES cohort at Brigham and Women's Hospital in Boston, Massachusetts. Urine samples were collected at up to 4 time points in pregnancy and analyzed for phenols and parabens. We selected 130 cases of preterm birth (defined as delivery before 37 weeks gestation), and 350 random controls. We categorized preterm birth subtypes based on clinical presentation and identified 75 cases of spontaneous preterm birth (characterized by spontaneous preterm labor and/or preterm premature rupture of membranes), and 37 cases of placental preterm birth (characterized by preeclampsia and/or intrauterine growth restriction). We used multivariate logistic regression with visit specific and geometric averages of phenols and parabens to determine associations with preterm birth. Results: We observed moderate variability in urinary phenol and paraben concentrations over pregnancy with intraclass correlation coefficients ranging between 0.45 and 0.68. Regression analyses indicated mostly null associations. We observed inverse associations, notably between 2,5-dichlorophenol and overall preterm birth (adjusted odds ratio [95% confidence interval, CI]: 0.79 [0.67 -0.94]), and this relationship was consistent by study visit. Conversely, ethyl paraben was associated with increased risk for placental preterm birth (adjusted odds ratio [95% CI]: 1.47 [1.14 -1.91]). Bisphenol-S detection at visit 4 was associated with overall preterm birth (adjusted odds ratio [95% CI]: 2.05 [1.09, 3.89]). Conclusions: While the findings from this study largely indicate null associations, we observed some relationships between select phenols, parabens and preterm birth, which warrants further investigation of these toxicants and birth outcomes.
Introduction
Preterm birth (defined as delivery at less than 37 weeks gestation) is the leading cause of perinatal and infant mortality in the U.S (Callaghan et al., 2006; Klebanoff and Keim, 2011) , and the second leading cause of death in children under the age of 5 worldwide (Blencowe et al., past several years, the rate of preterm births has increased significantly in the U.S. since 1981, and currently comprise approximately 10% of all live births (Martin et al., 2017) . There are extremely high medical and societal costs associated with the large number of babies being born prematurely (Institute of Medicine, 2007) . The causes of the majority of preterm births remain unexplained, and interventions geared toward known causes are projected to result in a modest reduction in preterm births (Chang et al., 2013; Schoen et al., 2015) . The role of environmental pollutants as potential contributing factors to preterm birth has been greatly understudied (Institute of Medicine, 2007) . Establishing links between environmental exposures and preterm birth may represent an opportunity for large public health impact since many exposures may be modifiable through intervention strategies.
Phenols broadly comprise chemical compounds with hydroxyl groups bonded to an aromatic hydrocarbon, and parabens are a subset of phenols that contain an ester group on the aromatic hydrocarbon in addition to the hydroxyl group. Various phenols and parabens are used in personal care and other consumer products, resulting in widespread human exposure (Centers for Disease Control and Prevention, 2017b) . Bisphenol-A (BPA), the most-studied of phenolic compounds is used in polycarbonate plastics, epoxy resins, and thermal paper with numerous downstream applications (Vandenberg et al., 2007) . Due to growing demand for BPA-free products stemming from toxicity and health concerns, the use of and human exposure to replacement chemicals for these applications, such as bisphenol-S (BPS), may be increasing rapidly (Ye et al., 2015) . This is of concern since the potential health consequences following exposure to BPS have been much less studied than BPA, although it could possess similar toxicity (Rochester and Bolden, 2015) . Among other common environmental phenols for which pervasive exposure has been demonstrated, benzophenone-3 (BP3) is a UV filter found in many sunscreens, face lotions, and other products such as cosmetics, conditioners, and plastics (Calafat et al., 2008) . The chemicals 2,4-dichlorophenol (2,4-DCP) and 2,5-dichlorophenol (2,5-DCP) are measurable in a high proportion of human urine samples due to common use in pesticides and deodorizers (Meeker et al., 2013; Ye et al., 2014) . Triclosan (TCS) and triclocarban (TCB) are antimicrobial agents most commonly used in soaps, toothpastes, mouthwash, lotions, deodorants, and various medical products (Calafat et al., 2007; Meeker et al., 2013) . Finally, parabens are also antimicrobials that are used as preservatives in many cosmetics, as well as in some packaged foods and pharmaceuticals (Calafat et al., 2010; Meeker et al., 2013) .
A growing number of studies have assessed relationships between exposure to BPA and birth outcomes, including fetal growth, gestational age, preterm birth, and birth weight (Cantonwine et al., 2010; Chou et al., 2011; Feng et al., 2016; Huo et al., 2015; Lee et al., 2014; Miao et al., 2011; Snijder et al., 2013; Troisi et al., 2014) . Limited studies of chlorinated phenols (TCB, TCS, dichlorophenols) and parabens have reported suggestive evidence for various associations with birth weight, length, and/or head circumference (Geer et al., 2017; Guo et al., 2016a; Philippat et al., 2012; Tang et al., 2013a; Wolff et al., 2008) . There has been one previous study investigating the BPA analogue BPS during pregnancy (Wan et al., 2018) , however, our study is the first to evaluate repeated measurements of BPS.
We previously reported suggestive associations between bisphenol A (BPA) and preterm birth (Cantonwine et al., 2015) . Since the time of that publication, separate aliquots of the same samples from the study participants were re-analyzed to measure a larger panel of environmental phenols and parabens. The present study aimed to investigate the risk of preterm birth in association with urinary concentrations of phenols (2,4-DCP, 2,5-DCP, BP3, BPS, TCB, and TCS) and parabens (methyl, ethyl, propyl, and butyl parabens) , using biomarkers of exposure measured at up to 4 time points in pregnancy. To investigate the relationship of environmental exposures with preterm birth, we designed a nested case control study including 130 singleton preterm birth cases and 350 randomly selected singleton controls who delivered at or after 37 weeks. Among preterm births, we further classified cases by clinical presentation (McElrath et al., 2008) . 75 cases were classified as "spontaneous" preterm birth, characterized by clinical presentation of spontaneous preterm labor and/or preterm premature rupture of membranes (PPROM); 37 were classified as "placental" preterm birth, characterized by preeclampsia or intrauterine growth restriction (Cantonwine et al., 2015) . An additional 18 cases were not included in this subset analysis since medical protocol required their delivery prior to 37 weeks. These cases included the management of prior classical cesarean section, abdominal cerclage, prior term intrauterine demise, and suspected uterine thinning due to prior surgery. These types of cases have no suspected unifying etiology and were thus not analyzed separately.
Methods

Study population
Urinary exposure biomarkers
Urine was collected in polypropylene containers, divided into aliquots, and stored at − 80°C until shipped to the laboratory at NSF International (Ann Arbor, MI) where they were analyzed for total BPS, BP3, TCS, TCB, 2,4-DCP, 2,5-DCP, butyl paraben, ethyl paraben, methyl paraben, and propyl paraben. The analytical method was based on the Centers for Disease Control and Prevention (CDC) method used in U.S. National Health and Nutrition Examination Survey (NHANES) investigations . Briefly, samples underwent enzymatic deconjugation, solid phase extraction, and analysis with a triple quadrupole mass spectrometer.
For analytes detected in at least 60% of samples, levels below the limit of detection (LOD) were replaced by dividing the LOD by the square root of two (Hornung and Reed, 1990) . Specific gravity was measured in the urine samples to account for urinary dilution within the study population. For univariate and bivariate statistics, we corrected all urinary biomarkers using specific gravity as follows:
biomarker concentration, SG Median (1.015) is a constant for the population median specific gravity, and SG is the observed specific gravity of a given urine sample (Meeker et al., 2009 ).
Statistical analysis
Analysis was performed using R version 3.4.0. We characterized the proportion of preterm birth cases and controls in relation to several covariates, which included maternal age, maternal race/ethnicity, prepregnancy BMI, health insurance, maternal education level, fetal sex, history of assisted reproductive therapy (ART), history of in vitro fertilization (IVF), parity, gravidity, and maternal smoking and alcohol use during pregnancy. Although we did not have measures of participant household income, health insurance provider (Private/HMO/Self-pay vs. Medicaid/SSI/MassHealth) is an indirect indicator of income status. Pairwise Spearman correlation coefficients were calculated for individual specific gravity-corrected urinary analytes. Bivariate associations were then determined between specific gravity-corrected urinary analytes in relation to the aforementioned covariates to determine variable eligibility for building regression models in a forward stepwise manner. We then examined temporal variability in specific gravitycorrected urinary phenol and paraben concentrations by subject for analytes with at least 60% detection, through estimation of intraclass correlation coefficients (ICC). To estimate the ICC's, we used the ICCest function from the ICC package (v2.3.0) in R, which estimates ICC and confidence intervals using variance components from a one-way analysis of variance using the THD option (Thomas and Hultquist, 1978) . These parameters represent the ratio of intra-individual variability to the sum of intra and inter-individual variability and range from zero to one, where values equal to one indicate no intra-individual variability (Rosner, 2011) .
Associations between phenols, parabens, and preterm birth were estimated using multivariate logistic regression. We calculated subjectspecific geometric averages of phenols and parabens (unadjusted for specific-gravity) measured in urine samples collected at visits 1-3 (hereafter referred to as average exposure). Average exposures were used as a more stable estimate of maternal exposure across the course of gestation. Although this data can be analyzed using hierarchical logistic regression, we have previously tested both approaches and found that either approach is appropriate for the present data and produce comparable results (Chen et al., 2015) . To account for urinary dilution, we modeled average specific gravity as a covariate in adjusted models, a method that several previous environmental epidemiology studies have recommended (Adibi et al., 2009; Buser et al., 2014; Tang et al., 2013b; Wolff et al., 2008 Wolff et al., , 2017 . TCB and BPS had low detection rates (6.0% and 20% respectively), and we modeled these analytes as categorical predictors (i.e., detected in any of the repeated samples vs. all samples with non-detection). Measurements from visit 4 were excluded from analysis of average exposure as they were less commonly measured in cases of preterm birth compared to controls.
To assess windows of vulnerability to exposure during pregnancy, we conducted stratified logistic regression, based on study visit. In these analyses, we estimated associations with overall preterm birth and subtypes by conducting logistic regression for each study visit. Covariates that were significantly associated with exposures were examined for inclusion in adjusted logistic regression models. Inclusion of covariates for fully adjusted models was determined using a forward stepwise approach, in which variables were selected if they changed the beta coefficient of the phenol analyte by 10% or more. Models were built using average exposure measurements. The final multivariable logistic regression models were adjusted for maternal age, specific gravity (average or visit-specific), race/ethnicity (White, AfricanAmerican, or other), pre-pregnancy body mass index (BMI), health insurance provider (Private/HMO/Self-pay vs. Medicaid/SSI/ MassHealth), and education level (High school, technical school, some college, or college graduate). All models were adjusted for the same sets of covariates for comparability across phenols.
In secondary analyses, we examined associations between phenols, parabens, and preterm birth subtypes. For models of spontaneous preterm birth, cases with other preterm presentations were excluded. Likewise, for models of placental preterm birth, cases with other preterm presentations were excluded. Second, because of the potential for sex differences in the relationships between phenols, parabens, and reproductive outcomes that have been demonstrated in studies of fetal growth (Casas et al., 2016; Guo et al., 2016b; Lassen et al., 2016; Tang et al., 2013b; Wu et al., 2017) , we conducted analyses stratified by infant sex and calculated sex-specific interaction terms using the method described by Buckley et al. (Buckley et al., 2017) . Due to the use of BPA in the same products as BPS, we accounted for potential confounding by including urinary BPA concentrations in BPS models. In previous studies, we reported associations between the following phthalate metabolites and preterm birth: Mono-(2-ethyl)-hexyl phthalate (MEHP), mono-(2-ethyl-5-carboxypentyl) phthalate (MECPP), mono-n-butyl phthalate (MBP), and mono-(3-carboxypropyl) phthalate (MCPP) (Ferguson et al., 2014a (Ferguson et al., , 2014b . To evaluate the robustness of our findings and account for potential confounding due to coexposure with these phthalate metabolies, we conducted an additional sensitivity analysis where we further adjusted for MEHP, MECP, MBP, and MCPP, individually in each model of phenols and parabens. We further evaluated the robustness of our findings by modeling for multiple phenols and parabens in the same adjusted logistic regression model, including only select toxicants that were associated in single pollutant adjusted logistic regression models.
Results
The primary demographic information on this study population are reported in Table 1 . Briefly, the median maternal age was 32.7 years, and just over half of participants had a normal pre-pregnancy BMI (52% had BMI < 25, 26% had BMI ≥ 25 but < 30%, and 21% had BMI ≥ 30) (Table 1) . Participants were primarily white (59%), college graduates (39%), and did not use tobacco (92%) or alcohol (94%) during pregnancy (Table 1 ). There were no statistically significant differences in demographic variables between preterm birth cases and controls (Table 1) .
There were 1651 urine samples collected from the 480 women available for analysis. Most of the analytes were detected in a high proportion of samples (Table 2 ). BP3 and methyl paraben were detected in the most samples (> 99%), while BPS (20%) and TCB (6%) were detected the least (Table 2) . Concentrations of urinary phenols and parabens that we measured were mostly comparable to concentrations in pregnant women from the NHANES (2005) (2006) (2007) (2008) (2009) (2010) and the National Children's Study (NCS) (2009) (2010) (Mortensen et al., 2014) . However, we did observe higher median concentrations for methyl paraben (LIFECODES: 151 ng/mL; NHANES: 84.7 ng/mL; NCS: 105 ng/mL) and propyl paraben (LIFECODES: 37 ng/mL; NHANES: 20.6 ng/mL; NCS: 22.3 ng/mL) (Centers for Disease Control and Prevention, 2017b; Mortensen et al., 2014) .
The biomarkers detected in ≥ 60% of urine samples showed overall moderate temporal reliability in the ICC analysis (Table 3) . 2,5-DCP had the highest ICC (0.7), followed by BP3 (0.55) ( Table 3 ). Triclosan and the parabens all had ICC near 0.5 (Table 3) . Correcting biomarker concentrations by specific gravity had minimal impact on the ICC values (Table 3) .
In relation to demographic variables, BP3 concentrations were higher with maternal age whereas methyl paraben, propyl paraben, 2,4-DCP, and 2,5-DCP were lower with increasing age (Supplemental Table 2 ). Education followed similar trends to maternal age for these same exposure biomarkers. We observed higher concentrations of dichlorophenols among participants with higher BMI, and lower concentrations of BP3, butyl paraben, and ethyl paraben among participants with higher BMI (Supplemental Table 2 ). White mothers had lower concentrations of most of the analytes compared to other races (Supplemental Table 2 ). Finally, women with public health insurance had higher concentrations of parabens and dichlorophenols, but lower concentrations of BP3, compared to women with private insurance (Supplemental Table 2 ).
Results from crude models were generally similar to those from adjusted multivariable models throughout (Table 4 and Supplemental  Table 3 ). For analytes detected in ≥ 60% of samples, average urinary concentrations of 2,5-DCP was associated with decreased odds of overall, spontaneous, and placental preterm birth (Table 4) . We also observed increased odds of placental preterm birth in relation to ethyl paraben (adjusted odds ratio (aOR) [95% confidence interval, CI] = 1.47 [1.14 -1.91]) (Table 4) . When exploring associations between exposure biomarker concentration at each visit, the reduced odds for preterm birth in association with 2,5-DCP were generally consistent throughout pregnancy, though the relative magnitude of the relationship between spontaneous and placental preterm birth varied ( Fig. 1 and Supplemental Table 4 ).
In order to characterize relationships with covariates, in Supplemental Table 5 we reported odds ratios for each of the covariates from the adjusted models of the exposures that were associated with outcome variables (2,5-DCP, ethyl paraben, and TCS). We observed that women who were college graduates had lower odds of overall preterm birth, and the greatest effect was observed in the model with 2,5-DCP (aOR [95% CI] = 0.38 [0.16 -0.91]) (Supplemental Table 5 ). We also observed that pre-pregnancy BMI was associated with a small increase in odds for placental preterm birth, and the greatest effect was observed in the model with ethyl paraben (aOR [95% CI] = 1.12 [1.05 -1.20]) (Supplemental Table 5 ).
For the biomarkers detected in less than 60% of samples (BPS and TCB), we modeled the odds of preterm birth in relation to detection of the chemicals (Fig. 1 and Supplemental Tables 6 and 7). No associations were observed when combining exposure data from the multiple visits Abbreviations: 2,4-dichlorophenol (2,4-DCP); 2,5-dichlorophenol (2,5-DCP); benzophenone-3 (BP3); bisphenol-S (BPS); triclocarban (TCB); triclosan (TCS); limit of detection (LOD). M.T. Aung et al. Environmental Research 169 (2019) Table 7 ). Sensitivity analysis with additional adjustment of BPA in models with BPS revealed similar relationships, where detection of BPS remained associated with an aOR of 1.92 (95% CI: 1.01 -3.68) (Supplemental Table 9 ). In the sensitivity analysis with stratification by fetal sex, we did not observe any differences in associations by fetal sex (p-interaction > 0.05). The results from our sensitivity analysis of adjusting for select phthalate metabolites indicated that associations from single pollutant models did not change appreciably, where effect estimates and p-values were within 10% change (Table 4 and Supplemental Table 9 ). In our sensitivity analysis of multi-pollutant adjusted models, we included 2,5-DCP, ethyl paraben, and TCS, since each of these were associated with preterm birth in the single pollutant models. These results indicated that effect estimates and p-values were also within 10% change of results from single pollutant models (Table 4) .
Discussion
In this case-control study of preterm birth among women in the LIFECODES prospective birth cohort, we observed mostly null associations. Ethyl paraben was associated with elevated risk for preterm birth, whereas 2,5-DCP and TCS were associated with reduced risk. These associations differed by preterm birth subtypes and by visit of sample collection. Adjusted for average specific gravity, age (continuous), race (categorical), prepregnancy BMI (continuous), insurance provider (categorical), education level (categorical). Abbreviations: 2,4-dichlorophenol (2,4-DCP); 2,5-dichlorophenol (2,5-DCP); benzophenone-3 (BP3); triclosan (TCS); bisphenol-S (BPS); triclocarban (TCB). a BPS and TCB modeled as categorical (detected in any of the repeated samples vs. all non-detected.
Odds ratios for overall preterm birth in relation to individual phenols and parabens Fig. 1 . Odds ratios for overall preterm birth in relation to individual phenols and parabens. Logistic regression models are adjusted for specific gravity at each study visit, maternal age (continuous), maternal race (categorical), prepregnancy BMI (continuous), insurance provider (categorical), maternal education level (categorical). Abbreviations: 2,4-dichlorophenol (2,4-DCP); 2,5-dichlorophenol (2,5-DCP); benzophenone-3 (BP3); triclosan (TCS); bisphenol-S (BPS); triclocarban (TCB). *BPS and TCB are modeled as categorical variables (detected in any of the repeated samples vs. all non-detect).
To our knowledge this is the largest study of preterm birth in relation to exposure to this class of chemicals. One recent study of 185 pregnant women in Brooklyn, NY assessed the relationship between urinary TCS, TCB, and parabens in relation to preterm birth (Geer et al., 2017) . They reported that none of the urinary biomarkers were significantly associated with odds of preterm birth, however, the study included a small number of overall preterm birth cases (n = 43). Geer et al. (2017) reported an inverse association between maternal urinary butyl paraben and gestational age at birth, but no associations with maternal urinary TCS, TCB, methyl paraben, or ethyl paraben. A Chinese study of 567 pregnant women that measured urinary BP3 reported an inverse relationship with gestational duration (Tang et al., 2013a (Tang et al., , 2013b , however, BP3 concentrations in that study (median 0.08 ng/ mL) were orders of magnitude lower than those measured in the present population (median 36.0 ng/mL). Each of these earlier studies collected a single urine sample during pregnancy for exposure assessment, with many of them collected at the time of hospital admission for delivery. Based on our findings of the ICC ranges for phenols, urinary concentrations may not be very stable and thus requires multiple repeated measurements to provide a more accurate exposure assessment. These studies also did not assess associations with preterm birth and its subtypes. Although we tested for associations within preterm birth subtypes, one limitation of this case subsetting is that the sample size for placental (n = 33) and spontaneous (n = 71) preterm birth subtypes in adjusted models were much smaller. Due to these smaller sample sizes in preterm birth subtypes, some true associations may not have been detected in our study.
We reported that higher levels of ethyl paraben were associated with an increased odds of placental preterm birth, and this association was largely driven by elevated levels measured at visits 1 and 2 -spanning gestational weeks from both the first and second trimester. Relationships observed from visits 1 and 2 reflect exposures taking place early in pregnancy, and these effects are likely secondary to perturbations in vascularization and placentaion in early gestation (Nijman et al., 2016) . Ethyl paraben may interact with estrogen and progesterone receptors (Błędzka et al., 2014; Kiyama and WadaKiyama, 2015a) . By interfering with receptor signaling, ethyl paraben has the potential to influence placental development by altering the vascularization necessary for placental development (Kiyama and Wada-Kiyama, 2015b; Thompson et al., 2015) . Abnormal placental development is associated with cardiometabolic irregularities and complications in pregnancy including preeclampsia and intrauterine growth restriction, leading to the placental subtype of preterm delivery (Reijnders et al., 2017) .
At study visit 4, BPS detection in the last trimester of pregnancy was associated with increased odds for overall as well as for both subtypes of preterm birth. BPS is structurally and chemically similar to BPA, and several studies have indicated that it can act through similar mechanistic pathways (Rochester and Bolden, 2015) . Although BPA was not associated with overall preterm birth in our previous study, we also observed a relationship at study visit 4, where higher concentrations of BPA was associated with an increased risk for spontaneous preterm birth (Cantonwine et al., 2015) . The associations we observed with BPS remained consistent with additional adjustment of BPA in statistical models. However, compared to visits 1 -3 (n cases = 92 -119), we observed a decline in study participants at visit 4 (n cases = 63) due to some having already delivered preterm. Consequently, the associations that we characterized at visit 4 suffer from potential bias due to loss of cases. In contrast to our findings, Wan et al. (2018) observed high BPS detection in a large sample of pregnant women (N = 985), and found that higher concentrations of BPS from maternal single spot urine samples was associated with increased pregnancy duration. The detection rate of BPS was very low in our present study, largely because the study took place between 2006 and 2008. Future studies will likely observe higher levels of BPS, given that replacement of products with BPS became more prominent after this period (Liao et al., 2012; Wan et al., 2018) .
In contrast to these findings, we found evidence of protective effects of 2,5-DCP and TCS. Decreased odds of spontaneous, placental, and overall preterm birth were associated with higher concentrations of 2,5-DCP. Detection of chlorinated phenols can result from chlorinating water sources for disinfection from environmental pathogens, therefore it is possible that higher concentrations of 2,5-DCP in drinking water are a proxy for chlorination of water sources and highly correlated with decreased microbial pathogens in drinking water (HSDB 2009; ATSDR, 1999; Centers for Disease Control and Prevention, 2017a) . Furthermore, the use of TCS as an antimicrobial in soaps could result in a decrease in microbial exposure for women during pregnancy. Future studies may need to better account for area of residence as a confounder for preterm birth, and test whether or not water treatment is specifically associated with elevated concentrations of 2,5-DCP and TCS in drinking water.
Our study had some limitations that should be highlighted in order to improve future investigations of environmental exposures and reproductive health. First, our study does not contain data on dietary patterns, which may be a confounder for phenol and paraben exposure and preterm birth (Hartle et al., 2016; Karnjanapiboonwong et al., 2011; Mancini et al., 2015; Ramaswamy et al., 2011) . Second, we do not have data on direct socioeconomic metrics such as household income, which can be an important predictor of environmental exposures and preterm birth. Additionally, although we measured urine from several time points, urinary concentrations of phenols are still highly variable; therefore urinary measurements are reflective of recent exposures and can result in non-differential measurement error. This would be particularly problematic for our assessment of windows of vulnerability to exposure. Additionally, birth outcomes are responsive to exposures of other classes of toxicants, such as heavy metals and persistent organic pollutants (Ferguson and Chin, 2017; Rahman et al., 2016) . The present study does not account for co-exposure to these toxicants; however, future studies should consider evaluating multiple classes of toxicants together in order to elucidate the effect of toxicant mixtures on preterm birth. Last, we conducted several statistical comparisons. As such, some associations may have resulted from chance. Despite this limitation, these associations are suggestive and deserve additional investigation in future studies.
Despite these limitations, our study is characterized by several strengths. First, we collected up to four urine samples from a large sample size of study participants, which resulted in a robust exposure assessment of environmental phenols. The time span of sample collection across gestation also afforded greater understanding of windows of vulnerability. In our study we also used modern, highly sensitive analytical methods to measure urinary analytes. Last, our study leveraged a comprehensive assessment of preterm delivery and subtypes. These outcome variables were determined using gestational dates that were validated clinically and with first-trimester ultrasonography.
Conclusions
In this case control study of pregnant women, we reported mostly null associations between environmental phenols, parabens, and preterm birth. Among the notable associations, ethyl paraben was associated with an increased risk for placental preterm birth. Visit specific associations revealed that BPS detection at visit 4 was also associated with increased risk for preterm birth. Meanwhile, 2,5-DCP was associated with a decreased risk for overall and spontaneous preterm birth. These associations warrant futher investigation and verification in larger studies of preterm birth. 
